INTRODUCfiON
The occurrence and identity of long-chain, aliphatic hydrocarbons or paraffins in tobacco leaf and smoke have been studied (1-7). Initial methods differentiated only between normal and branched paraffins. Thus, it was established that about one quarter of the paraf6ns of smoke were branched (8) , and that the ratio of odd to even isomers in leaf varied from 3 ::r to :1:1 ::r, depending upon leaf variety (9). Gradual refinements in methodology, such as gas chromatography on glass capillary columns (:ro) and the combination of gas chromatography with mass spectrometry (n, :12.), definitively established the presence and proportions of iso, normal, and anteiso paraffins. The advent of the smoking and health controversy focused considerable interest on the paraffins and the other co'nstituents of the hexane extract of tobacco as precursors of some of the biologically active polynuclear aromatic hydrocarbons (P AH) of smoke. High-temperature pyrolytic experiments on the paraffin dotriacontane indicated that it could be a precursor for PAH (13, 14) . Precursors of the PAH of smoke have been extensively discussed (15, :16) . More recently, it has been shown that 14 C-Iabeled dotriacontane, sprayed onto cigarette tobacco, is not a precursor for benzo(a)pyrene (BaP), but instead distils almost umhanged into the smoke (17, :18) . However, selected constituents of the hexane extract, such as phytol and ~-sitosterol have been shown to be relatively effective high temperature precursors of BaP (19) . More significantly, it was shown that pyrolysis of the total hexane extract yielded nearly two thirds of the BaP obtained in tobacco pyrolysis (20) . However, a hexane extract of tobacco also contains various terpenoids, carotenoids, sterols, esters and glyceridescomponents, which, upon pyrolysis, are more likely to produce the P AH of smoke. It is essential that this question of PAH precursors be settled. Recently, a large quantity of petroleum ether extract of flue-cured tobacco was fractionated to provide material for a pyrolytic study to answer the above question. As previously observed, petroleum ether (PE) eluted white waxes from a column of silicic acid in a
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chromatographic fractionation of the extract. It was noted that· these waxes were very similar to paraffins obtained in chromatographic separations of the neutrals of cigarette smoke condensate. Consequently, it was decided to study the paraffin tfansfer from leaf to smoke under actual smoking conditions, as a preliminary step to the pyrolytic studies. A representative cigarette tobacco mixture and a Rue-cured 'tobacco with a high wax content were to be examined. In comparing the wax contents of different tobacco samples, we used the standard method by Bacot (n). However, the wax precipitates so obtained apparently were contaminated with other tobacco constituents and did not resemble the dean, white material that we had obtained by chromatography, Consequently, it was necessary to develop a chromatographic method for leaf paraffins. The details of the chromatographic procedure for leaf and smoke paraffins are described here. The transfer of paraffins from the tobacco of reference cigarettes to smoke is detailed. Subsequently, the paraffins were analyzed by gas chromatography-mass spectrometry (GC-MS) and leaf waxes were compared to material obtained by the Bacot method and to smoke condensate paraffins. The use of a high temperature GC support and the analytical results on the distribution of paraffin isomers are also described.
METHODS AND MATERIALS

Tobacco Extraction
Dried, ground (32 mesh) flue-cured tobacco (North Carolina, 1971) was extracted with glass-distilled 3o--6o° C petroleum ether (PE) (Burdkk and Jack.son Laboratories*"', Muskegon, Michigan) in a Soxhlet apparatus, for 24 hours. The PE extract was filtered, the PE removed on a rotary evaporator, and the residue dried in an oven at 95° C for :1 hour. The Rue-cured tobacco yielded about 6.7 g of extract per :roo g of dried tobacco. The extracted tobacco (marc) was also dried. The total weights of PE extract and marc were added to calculate the true, dry weight of unextracted u Mention of commercial item• doet not imply their endorsement by the Depanment over similar products not mentioned. 
Column Chromatography
Silicic acid (100 mesh, Mallinckrodt) was washed with nanograde methyl alcohol and air-dried in an oven at 150° C for 18 hours. The PE extracts of tobacco were redissolved In a minimum amount of PE with warming by a hot-air gun and applied to the top of a silicic acid (SA) column by disposable pipettes: Small volumes of !;iolv,ent were used to rlu.se the extract flask. Collection of the first fraction, F-1, was begun upon application of the PE extract to the top of the column. A ratio of 1 g of PE extract to 100 g SA yielded the paraf6ns in the 6rst 200 ml of PE eluate (F-1). Thus, for example, the paraf6ns in o.So g of a PE extract, from about ·12.5 g of tobacco, when chromatographed on So g of SA, would elute in the 6rst 160 ml of PE ( ± 8 ml depending on proper packing of the column and volume of extract solution applied}. Similarly, for a larger sample of 16.4 g of PE extract chromatographed on 1640 g of SA, the paraffins eluted completely in the first 3200 ml. 1"o determine an accurate cut-<lff for paraffins, about So 0 /o of F-1 should be collected..6rst, then the remainder in 5-10 ml pori:ions in small beakers. Evaporation of PE shows where elution of the white waxes stops and where the dear, oily neophytadiene fraction (F-2) starts. For the comparative experiments, fraction yield data are summarized in Table 1 and Fig. 2 .
Chromatography of Smoke Condensate Paraffins
The cigarette smoke condensate (CSQ from. 450 cigarettes was collected in a dry-ice trap under standard conditions: the cigarettes were preconditioned at 6o 0 /o relative humidity for 48 hours and smoked in a 30-port Borgwaldt smoking madline to a butt length of 23 mm at 1 puff/min with a 2-second p,uff duration and a puff volume of 35 ml. The neutral portion of the CSC was obtained as previously described (23). Chromatography of the neutrals (2.19 g) on 100 g of SA and elution with Boo m1 of PE yielded a total wax fraction of 0.274 g.
Gas Chromatography (GC)
Waxes were analyzed on a Hewlett-Packard Model 5750 gas chromatograph, equipped with flame ionization detectors. A 10' X 1 /su stainless steel column of 5 °/o Dexsil 300 GC on Sohoo mesh Chromosorb W/AW was heated at 8o° C for 5 min, programmed to 325° Cat 4°/min, and held at 325° C for 30 min. The flow rate was 50 ml/min, with injector and detector temperalures at 325° C. Detector response data from 23 normal paraf6ns (C1-Cu) were plOtted vs. relative retention time (relative to Ge). Response factors, used to calculate weight yields for all wax components except neophytadiene, were obtained from the plot. The neophytadiene, used to calculate its response data, was obtained by preparative GC from total wax fractions. Known weights of the G• internal standard were added to all samples analyzed. Mass spectral data were obtained from a high resolution DuPont Model 21-492 mass spectrometer connected to a Varian Model 1400 gas chromatograph. The chromatographic column and conditions were the same as described above.
RESULTS AND DISCUSSION
The application of column chromatography to paraf6n analysis is not a new idea. Paraffins have been dlromatographed on alumina (24) and on sillcia gel (25) (26) (27) . We have extensively used silicic acid column chromatography in the fractlonation of cigarette smoke condensate neutrals for bioassay (23) . We have adapted the tedmique to obtain dean samples of _leaf or smoke paraf6ns. In this manner, crystallizations from selected solvents, urea complexing; or chromatography on silver-nitrate-impregnated supports were avoided. More importantly, no sample was lost due to'• ,various precipitation techniques. Initially, 1 g samples of PE extract of flue-cured tobacco were chromatographed ~n 50 g columns of methanol-washed, activated SA. Elution with 1 I of PE yielded a semi-solid, white wax. However, our wax yields were about 50 °/o lower, by weight, when compared to those obtained by the Bacot method. Thinlayer chromatography and GC showed that only about 65-70 °/o of the waxes, obtained in the chromatographic fraction, were true paraf6ns; the remainder was mostly neophytadiene. Therefore, it was necessary to separate the paraffins from the neophytadiene. This was accomplished by collecting small &actions of the total PE elUate to determine the cut-off point for paraf6n elution. Also, the ratio of PE extract to SA was varied to determine the best ratio for a good separation of neophytadiene from the waxes. It was shown that chromatography of 1 g of PE extract on 1oo g of SA yielded waxes in the first 200 ml of PE eluate ( Fig. 1: ) and neophytadiene in the next 300 ml. The proportion of 1:100:200 was also applicable to smaller weights of PE extracts of tobacco, with the same separations of neophytadiene. Generally, 10 g samples of tobacco were conveniently extracted and analyzed for wax contents. This would yield wax samples weighing about 40 mg for a 0.4 0/o waxcontaining tobacco. The percent paraf6n content was calculated based upon yields of dried PE extracts and extracted tobacco (marc). However, percent of total hydrocarbons may be more relevant to the correlation with smoke PAH, than the percent paraffins. Recommended paraffin method.
Tobacco (W1)
. Therefore, it was necessary to determine why the Bacot method was, in reality, yielding low quantities of paraffins. Accordingly, half of a PE extract was subjected to our paraffin method (Fig. 2) . GC showed that 92 Ofo of the paraffins were volatile and the paraffin value was 3 5 ·9 mg. The other half of the extract was subjected to the Bacot procedure. The alcohol solution, which should not have contained any waxes, was also subjected to column chromatography and GC. and was found to contain 13.2 mg of waxes. The precipitated waxes from the Bacot method were divided and one half was subjected to GC directly, while the other half was subjected to SA column chromatography. The total amount of paraffins for that experiment was 23.4 mg. Thus, the total amount of waxes recovered in the Bacot procedure was 36.6 mg. When the value of 36.6 mg was taken as 100 Ofo, the paraffin method, which yielded 35·9 mg, produced 98 Ofo of the waxes in one fraction. From this experiment, it was apparent that about 1 /a of the paraffins had not been precipitated in the Bacot method and that 2 /s of the "wax precipitate" was actually non-paraffin material.
Paraffins were characterized by GC-MS techniques. GC separations were performed successfully on the relatively new liquid phase, Dexsil 300 GC, a carboranesilicone polymer that is reported to be stable in packed columns to 450° C (28). A gas chromatogram 
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impurities from · the glass-distilled PE that we were using.) The compositions of the paraffins for flue-cured and 1.R1. cigarette tobaccos, and for smoke condensate from 1.R1. reference cigarettes are presented in Table 2 . The predominant waxes of leaf, both for the flue-cured and the 1.R1. reference cigarette tobaccos, ranged from C21 to about Cas; whereas, the waxes of the smoke condensate ranged from about Cte to Cas. As already known, the major paraffins of smoke and leaf are in the Ctli to Caa region. The normal paraffins were identified by GC retention times and mass. spectral data; anteiso and iso isomers were identified by mass spectral data only. c: Reten~lon times, relative to n-e 36 =-1.00.
For comparative purposes, literature values for waxes from a commercial blend of cigarette tobacco (11.) are included in Table 2 . The values compare well to our results for a flue-cured tobacco. The former method (u) for GC analysis required pre-extraction of the wax fraction with concentrated sulfuric acid to remove unsaturated components, followed by separation of the n-alkenes from the branched isomers on molecular sieve. The percentage of GC-volatUe materials and amounts identified for the three waxes are given in Table 3· We identified more than 99 °/o of the material from the flue-cured and 1.R1. cigarette tobaccos. However, for smoke condensate from the 1.R1. reference cigarettes, about 73 °/o of the components could be identified. This was due to the fact that only about So 0 /o of the wax fraction was CC-volatile. Finally, the transfer from leaf to smoke of the total waxes or total hydrocarbons was determined. 
SUMMARY
Paraffins of tobacco leaf were separated by column dtromatography on silicic acid. Leaf paraffins were fractionated from other wax constituents by dtromatography in a definite sample to substrate .to solvent ratio. The developed method was used to evaluate the transfer of paraffins and neophytadiene from leaf to smoke in a reference cigarette. Gas dtromatographic separations were performed on a high-temperature liquid phase. Gas dtromatography in conjunction with mass spectrometry was used to determine the paraffin composition of a representative flue-cured tobacco, a reference cigarette tobacco, ·and smoke condensate. It was concluded that paraffins were probably transferred to smoke relatively undtanged, while neophytadiene underwent some pyrolytic decomposition. 
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